Background: Hospital-acquired urinary tract-related bloodstream infections are rare but often lethal. Recent epidemiology of this condition among the United States veteran population is poorly described. Methods: We conducted a retrospective review of hospital-acquired urinary tract-related bloodstream infections of adult inpatients admitted to 4 Veterans Affairs hospitals over 15 years. Electronic medical records were used to obtain clinical, demographic, and microbiologic information. Descriptive statistical analyses were conducted using chi-square tests of association. Test for trend was performed by genus of organism and for case fatality rate over time. Results: While the most commonly isolated organisms were Staphylococcus spp. (36.5%), the incidence of infections caused by Escherichia and Klebsiella increased over time (P = .02 and P = .03, respectively). The overall in-hospital case fatality rate was 24.2% in 499 patients. The case fatality rate was 25.8% for patients with Staphylococcus infections and 20.7% for patients with enterococcal infections. Conclusions: Hospital-acquired urinary tract-related bloodstream infection is commonly due to Staphylococcus spp. and is related to the high fatality among United States veterans. Focused infection control efforts could decrease the incidence of this fatal infection.
Urinary tract-related bloodstream infections acquired during hospitalization can cause substantial morbidity and mortality. Previous studies have reported that up to 3% of patients in acute care facilities with hospital-acquired bacteriuria develop a related bloodstream infection. 1 Veterans are especially susceptible to this complication given that they are predominantly male, and men have been found to develop secondary bloodstream infections due to hospitalacquired urinary tract infection twice as often as women, which is thought to be reflective of structural genitourinary tract abnormalities in this population. 2 Additional risk factors previously identified for this infection include age, presence of urethral catheter, urologic disease, malignancy, diabetes mellitus, neutropenia, renal disease, smoking, and immunosuppressant therapy. [3] [4] [5] Compared to the general population, Veterans Affairs (VA) patients tend to have a prevalence higher than the general population of some of these risk factors-such as diabetes mellitus and presence of a urinary catheterand are an ideal group in which to study this disease state. 3, 6 National quality measures have increasingly focused on healthcare-associated infections; therefore, learning more about the etiology of hospital-acquired urinary tract-related bloodstream infections may help inform preventive interventions. 7, 8 Previous studies have described the epidemiology of urinary tract-related bloodstream infections, 2,5,9,10 but most have been limited to single sites. A previous single-site study identified risk factors for urinary tractrelated bloodstream infections among a veteran population; however, these patients were hospitalized between 1984 and 1999. 4 As such, we investigated urinary tract-related bloodstream infection within the veteran population at 4 diverse VA hospitals, 1 in the South and 3 in the Midwest, to examine whether the microbiology of urinary tract-related bloodstream infection is evolving and to assess the case fatality rate due to this infection.
METHODS
We conducted a retrospective review of hospital-acquired urinary tract-related bloodstream infections among adult veteran inpatients admitted to four VA hospitals over 15 years (January 1, 2000, to December 31, 2014). Cases were defined as patients with urine and blood cultures that grew the same organism with the following criteria: urine culture obtained 48 hours or more after admission, urine culture obtained prior to or the same day as the blood culture, and positive blood culture within 14 days of positive urine culture. The urine culture was considered positive if more than 10 3 CFU/ ml of a single organism grew. 11 Electronic medical records were used to obtain clinical, demographic and microbiologic information. Manual medical record reviews of all cases were conducted by a research nurse to exclude cases with primary bloodstream infection with hematogenous spread to the kidney. Descriptive statistical analyses were conducted using t-tests and chi-square tests of association, and a test for trend was performed by genus and for case fatality rates over time. Analyses were performed using SAS version 9.4 software (Cary, NC). The study received human subjects institutional review board approval from the VA Ann Arbor Healthcare System.
RESULTS
A total of 499 patients met the case selection criteria. Patient characteristics are displayed in Table 1 . The mean age was 67.2 years, the median age was 67 years, and most patients were white (56.3%). Patients who survived were younger on average than those who died (65.9 years vs. 71.0 years, P < .0001). The study population was mostly male (98.6%), as expected for a VA population. The median length of stay was 26 days, and the mean time from admission to bloodstream infection was 19.85 days. Upon discharge, 58.3% of patients were discharged home, 24.2% died in the hospital and 16.0% were transferred to another facility, VA or community nursing home. Surgery during the concurrent admission was noted in 59.3% of patients. Diabetes mellitus (27.5%), neutropenia (22.2%), malignancy (20.4%), and renal disease (18.6%) were the most prevalent comorbidities. Of patients with urinary tract-related bloodstream infections, 42.1% had an indwelling urethral catheter on the date that they had a positive blood culture that met case criteria, and 64.9% of patients had a urethral catheter at some time between admission and the time they were found to have a positive blood culture that met case criteria for a urinary tract-related bloodstream infection.
Gram-negative bacterial organisms were involved in the infections of more than half (56.7%) of all cases. Very few isolates (1.6%) were found to have an extended-spectrum β-lactamase (ESBL)-producing organism. Staphylococcus was the most common genus associated with infection (36.5%), with coagulase-negative Staphylococcus being the most common species. Conventional genitourinary organisms were frequently found: Escherichia coli was the second most common cause of infection (19.2%), and Klebsiella spp. was found in 8.4% of infections. Only 10.2% of infections were caused by Candida species. Of these, the predominant organism was Candida albicans.
Overall, the case fatality rate was 24.2%. Adjusting for age, malignancy, and diabetes, having a surgery during the stay was associated with increased in-hospital mortality (relative risk = 1.61, P = .01). A total of 25.8% of patients with a Staphylococcus infection and 20.7% with an enterococcal infection died in the hospital. Although Pseudomonas and Enterobacter infections were less common (9.0% and 3.0%, respectively), both were associated with a 20.0% case fatality rate. Genus-specific time trends in infection are presented in Figure 1 . Overall, Staphylococcus infections decreased over time (P = .11), whereas disease due to conventional genitourinary organisms, E. coli and Klebsiella spp., increased (P = .02 and P = .03, respectively).
DISCUSSION
We investigated the epidemiology of hospital-acquired urinary tract-related bloodstream infections at four VA hospitals over a 15-year period. Several important findings on the microbiology and mortality associated with this infection emerged from our study. First, we showed a potential shift in the distribution of organisms related to urinary tract-related bloodstream infections acquired during hospitalization. While Staphylococcus spp. remain common organisms, gram-negative organisms caused the most infections, a finding which differed from some previous studies.
2,9,10 Second, few multidrug-resistant gram-negative organisms were seen; and Candida albicans, which is not commonly associated with antifungal drug resistance, 12 was the most prevalent fungal organism, which is reassuring from an antimicrobial resistance perspective. Third, we identified a high case fatality rate among patients with hospitalacquired urinary tract-related bloodstream infections (Table 2) .
Previous studies that investigated the microbiology of urinary tract-related bloodstream infections have largely been singlecenter studies. These studies found that the associated mortality of this infection is high; that gram-negative bacteria (such as E. coli) tend to be the primary etiologies of urinary tract-related bloodstream infections; and that risk factors include genitourinary pathology, presence of urinary catheter, age, male sex, history of diabetes mellitus, malignancy, and recent surgery.
2,3,9 In a study conducted at a single-site, academic, non-VA hospital, Chang et al. reported an overall case fatality rate of 32.8% among patients with hospital-acquired urinary tract-related bloodstream infections. 9 While not as high as Chang, our study also showed a high case fatality rate (24.2%).
The predominance of gram-negative organisms in our study and previous studies is biologically plausible, since this infection arises from the genitourinary system. However, the finding in our study that Staphylococcus spp. was the most common species, and that Enterococcus spp. have been more prevalent in recent studies, 9 could signal a shift in the factors that contribute to this infection (e.g., underlying comorbidities, place of acquisition, and type of organism). 2, 9, 10 The predominance of Staphylococcus spp. were coagulase negative (90.1%), which is surprising and suggests that indwelling devices could alter microbiologic flora and etiology favoring coagulase-negative Staphylococcus spp. 13 The substantial mortality of patients in our cohort with a staphylococcal, pseudomonal, or enterococcal infection emphasizes the importance of horizontal infection control measures. Horizontal infection control interventions implement broad-based infection control strategies such as contact precautions, hand hygiene, chlorhexidine bathing, environmental cleaning, and reducing unnecessary catheter use. [14] [15] [16] Infection control literature has shown that horizontal infection control approaches have been successful in reducing multiple types of healthcare-associated infections. 14, 15, 17 Vertical infection control initiatives-focusing on specific organismscan also be effective. 7, 18 One vertical approach undertaken by the VA is the VA methicillin-resistant Staphylococcus aureus (MRSA) Prevention Initiative, which has demonstrated downstream effects of decreased healthcare-associated transmission and infections with MRSA. 7 A recent study also noted an overall decrease in healthcareassociated and hospital-onset staphylococcal bacteremia throughout the VA between 2003 and 2014 and increased evidence-based care for patients with S. aureus bacteremia during this same time. 19 It is plausible that enhanced VA-wide infection control interventions as well as earlier appropriate evidence-based interventions for serious S. aureus infections (such as consultation with infectious disease specialists and appropriate antibiotic prescriptions 19 ) could have contributed to the decreased infection burden caused by S. aureus, as seen in our study.
We found that gram-negative organisms increased and staphylococcal and enterococcal etiologies decreased over the 15 years of data collection. Limiting inappropriate urinary and vascular catheters and preventing healthcare-associated infections has increased in the last decade, and infection prevention interventions may have contributed to this microbiological trend. 8, 20, 21 Our study has several limitations. First, the absence of controls constrained our ability to identify associations between risk factors and urinary tract-related bloodstream infection. We plan future analyses that will address this limitation. Second, due to the study's retrospective design, determining whether the urinary tract infection was truly the primary source of infection rather than a secondary seeding from another site was difficult. To address this, we performed a chart review and excluded cases that had an evident secondary bloodstream source, such as endocarditis. Third, detailed information regarding indwelling catheter days prior to the bloodstream infection and the duration and dose of antimicrobial therapies used were not available. We reviewed antibiograms from VA sites and academic affiliates to help inform microbiologic interpretation of the data and evaluate whether geographic variation could be playing a role; but the long duration of the study period and differences in antibiogram design, formulary restriction, and stewardship interventions limited this approach. Fourth, we did not have the granular data needed to confirm that the urinary tractrelated bloodstream infection was the primary cause of death. Therefore, our genus-specific case fatality rates are approximations, but they still highlight the potential fatal consequences of this serious healthcare-associated infection.
Despite these limitations, our study contributes to the literature about urinary tract-related bloodstream infections and may reflect how continued efforts to decrease healthcare-associated infections may contribute to changes in the microbiology of this infection. In most patients who develop a secondary bloodstream infection from a urinary tract infection, there is a timeframe in which preventive efforts to reduce risk factors, such as unnecessary urinary catheters, may be most effective. 2, 5 Focused efforts to prevent hospital-acquired urinary tractrelated bloodstream infections via evidence-based infection control measures 22 should be prioritized to enhance the safety of veterans.
